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Context: Since 2006 a relevant number of therapeutical algorithms for the management of type 2 diabetes have been proposed, 
generating a lively debate in the scientific community, particularly on the ideal timing for introduction of insulin therapy and on which 
drug should be preferred as add-on therapy in patients failing to metformin. At the moment, there is no real consensus. The aim of the 
present review is to summarize established knowledge and areas for debate with respect to insulin therapy in type 2 diabetes. 
Evidence Acquisition: In type 2 diabetic patients, insulin represents a therapy with a long and well-established history, but, considering 
the modern insulin therapy, several points must be carefully examined. The role played by the introduction of insulin analogues, the 
choice of insulin regimens, the ongoing debate on insulin and cancer, the cardiovascular effects of insulin, the role of insulin on p-cell 
protection and the actual clinical perspective in the treatment of the disease. Nevertheless, still many exciting expectations exist: the new 
insulin analogues, the technological options, the inhaled and oral insulin and the issue of transplantation. 

Conclusions: Although insulin is the more potent hypoglicemic agent, the availability of a wider spectrum of therapeutic agents, many of 
which are better tolerated than insulin, has reduced the field of application for insulin treatment; presendy insulin is used only in those 
who cannot maintain an adequate glycemic control with other drugs. Furthermore, a lively research activity is currently ongoing, in order 
to make insulin therapy even safer and simpler for patients. 
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1. Context 

Since 2006 a relevant number of therapeutic algo- 
rithms for the management of Type 2 Diabetes (T2DM) 
have been proposed, generating a lively debate in the 
scientific community, particularly on the ideal timing 
for introduction of insulin therapy and on which drug 
should be preferred as add-on therapy in patients failing 
to metformin. Actually, there is no real consensus. The 
aim of the present review is to summarize established 
knowledge for debate with respect to insulin therapy in 
T2DM. 

1.1. The Past: ATherapy with a Long and Well-Estab- 
lished History 

The availability in 1923 of the first insulin preparations 
for use in humans completely changed the natural his- 
tory of Type 1 diabetes, enabling physicians to save the 
life of those patients. In those days, the use of insulin in 
patients with T2DM was reserved to those individuals 
who were not able to follow a diet and had severe hyper- 



glycemia. The compliance of patients to insulin, initially 
represented only by short-acting regular porcine or bo- 
vine insulin, was generally poor, and this resulted in im- 
portant excursion of glycaemia. Only in 1950 a commer- 
cial insulin preparation with longer duration of action, 
the Neutral Protamine Hagedorn (NPH) insulin, became 
available. NPH insulin became popular for the therapy of 
T2DM, because they allowed an acceptable glycemic con- 
trol with only one or two daily injections. Tolbutamide, 
the first oral antidiabetic drug, appeared only in 1957. 
Thus, for 34 years the only available glucose-lowering 
drug was insulin, irrespective of diabetes type. 

After the introduction of the first sulfonylurea, many 
other secretagogues were synthesized such as bigu- 
anides. For many years, the typical therapy for T2DM was 
mainly based on sulfonylureas, with a biguanide (mostly 
fenformin) added in the case of insufficient control; in 
fact, sulfonylureas alone did not allow to maintain satis- 
factory glycemic levels in the majority of patients after a 
few years from the initiation of therapy (1, 2). In case of 
failure to two oral drugs, insulin therapy was added, of- 
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ten starting as a single shot of bedtime NPH bedtime, and 
finally oral drugs were discontinued and the patient was 
treated with insulin only. 

In the 1980s, the concept of good metabolic control was 
very flexible and most of the patients were considered as 
target with HbAlc levels between 8 and 9 %. A real revolu- 
tion in the therapy of T2DM occurred after the publica- 
tion of data of the UKPDS (3, 4), showing that the intensi- 
fication of blood glucose control with a sulfonylurea or 
insulin, significantly reduced the risk of long-term dia- 
betic complications. Based on the results, the idea that 
the attainment and maintenance of near- euglycemia 
could be beneficial in patients with T2DM gained ground 
in the scientific community. Some studies also suggest- 
ed that early intensive insulin therapy in patients with 
newly diagnosed T2DM could have outcomes for recov- 
ery and maintenance of (3-cell function and protracted 
glycemic remission, if compared with treatment with 
oral hypoglycemic agents (5). The drive toward more am- 
bitious therapeutic targets (6), which often required the 
addition of insulin to oral drugs, was limited by the oc- 
currence of hypoglycemia. In the 1990s, rapid and long- 
acting insulin analogues became available, facilitating 
the attainment of more ambitious goals. The improved 
safety of insulin therapy, due to the introduction of ana- 
logues, together with the expectations of p-cell protec- 
tion, led to the recommendation of early insulin supply 
in the natural history of T2DM, which was supported by 
many diabetologists in recent years. 

1.2. The Present: Modem Insulin Therapy for T2DM 

The introduction of short-acting insulin analogues has 
remarkably improved post-prandial glucose control, both 
in type 1 (7) and T2DM (8, 9). Furthermore, the use of rapid 
acting insulin analogues has allowed a greater flexibility in 
timing and size of meals, avoiding the need for undesired 
snacks and thus improving patients' quality of life (10). 

NPH insulin was the most widely used retarded insulin 
prior to the introduction of long-acting analogues. NPH 
for its duration of action requires two daily administra- 
tions in order to provide an adequate basal supply. The 
first available long-acting analogue, glargine, represent- 
ed a substantial improvement: it had a duration of action 
compatible with a once daily administration in the ma- 
jority of patients and a greater reproducibility with lower 
hypoglycemic risk. Randomized trials demonstrated that 
glargine, versus NPH, produced a similar degree of glyce- 
mic control with lower risk of nocturnal hypoglycemia 
both in type 1 (11) and T2DM (12). Another long-acting ana- 
logue, detemir, has a similar profile of glargine, with best 
effect on weight gain (12, 13), but it requires a twice-daily 
administration in the majority of patients (13). 

Analogues, although more expensive, have progressive- 
ly become the therapy of choice in most countries. The 
adoption of analogue-based treatment schemes for bas- 
al-bolus therapy has allowed for greater flexibility in diet 



and lifestyle. Furthermore, the lower risk of nocturnal 
hypoglycemia with glargine and detemir has facilitated 
an earlier use of basal insulin in T2DM. 

2. Evidence Acquisition 

2.1. The Choice of Insulin Regimens 

Type 1 diabetes is usually treated with mealtime boluses 
of rapid-acting analogues and one or two daily injections 
of long-acting analogues. Such a scheme can be used also 
in T2DM often in combination with oral drugs. Many 
authors suggest that the addition of basal insulin is the 
preferable approach in patients failing to oral therapies 
(14, 15). Although a single bedtime administration of a 
long-acting analogue is convenient, the only available 
large-scale trial comparing different insulin regimens 
in T2DM failed to show any major difference across treat- 
ment groups (16). T2DM is a very heterogeneous condi- 
tion; we should expect that patients with predominantly 
fasting hyperglycemia would have a better response to 
basal insulin only, while those with mainly post-prandial 
hyperglycemia are obvious candidates for prandial insu- 
lin. As a consequence, basal only, bolus only, or basal-bo- 
lus can be chosen on the basis of patients' daily glucose 
profiles, tailoring insulin therapy on individual needs. 

2.2. Insulin and Cancer: An OngoingDebate 

Insulin is a growth factor, which stimulates the prolifer- 
ation of normal and malignant cells. It is mitogenic, but 
not mutagenic; furthermore, a growth-stimulating fac- 
tor can promote the proliferation of pre-existent trans- 
formed cells, converting a subclinical in situ malignancy 
in a clinically relevant cancer. 

Insulin is capable of stimulating cell growth via the in- 
teraction with multiple receptors (Figure l). 

Figure 1. Effects of Insulin on Different Receptors 
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Insulin is a weak agonist for the Insulin-Like Growth Fac- 
tor 1 (IGF-1) receptor, the stimulation of which has a pow- 
erful effect on cell proliferation. When the IGF-1 receptor 
is overexpressed and in conditions of hyperinsulinemia, 
the effect of insulin on the IGF-1 receptor could become 
more relevant (17). Insulin stimulates cell growth also 
through the stimulation of the IR-A insulin receptor sub- 
type which has a greater effect on proliferation than the 
IR-B receptor (18). However, even the stimulation of IR-B 
insulin receptors enhances cell proliferation (19). This 
means that the glucose-lowering effects of insulin cannot 
be entirely separated by its growth-promoting actions. 

The effects of insulin on cell growth in vitro are typically 
dose-dependent. From a clinical perspective, it is impor- 
tant to establish whether insulin concentrations are suf- 
ficient to induce a higher risk of cancer. Epidemiologic 
studies show that, among patients with T2DM, those re- 
ceiving insulin therapy have a higher incidence of overall 
malignancies (20). The estimates of risk, which are depen- 
dent on insulin doses and duration of insulin treatment 
(21), vary across studies (20). All those epidemiological 
studies are affected by prescription bias: patients receiv- 
ing a prescription for insulin therapy can be affected by 
conditions which increase the risk of cancer and cannot 
be accounted for in statistical adjustments. Consequent- 
ly, it would be preferable to refer to randomized trials, 
but so far, there is only one large scale trial with appropri- 
ate size and duration which compared insulin with other 
therapies, reporting data on the incidence of malignan- 
cies: the ORIGIN trial which failed to detect any difference 
between treatment groups after 6 years of follow-up (22). 
It was performed on recent-onset diabetes, using rela- 
tively low doses of insulin (less than 0.35 UI x kg/day on 
average) and it did not have a sufficient statistical power 
to detect between-group differences in the incidence of 
individual types of cancer. Epidemiological studies prob- 
ably overestimate the impact of insulin therapy on the in- 
cidence of cancer, whereas experimental studies suggest 
that high doses of insulin could facilitate the onset of at 
least some forms of malignancies. However, concerns on 
cancer should not prevent physicians from prescribing 
insulin, even at high doses, when an adequate glycemic 
control cannot be reached otherwise: the benefit of meta- 
bolic control certainly exceeds the potential risks for ma- 
lignancies. 

The possibility that insulin analogues have a different 
effect on the incidence of cancer than human insulin, has 
been a reason for concern since the 1990s, when the clini- 
cal development of the rapid-acting analogue AspBlO had 
to be terminated because of the risk for malignancies - an 
effect attributed to a lower dissociation rate from the 
insulin receptor and/or to a higher affinity for the IGF-1 
receptor (23). Glargine also has a greater affinity for the 
IGF-1 receptor than human insulin, producing a greater 
proliferative effect in vitro (24). However, this potential 
risk is mitigated by the metabolic clearance of glargine, 



which is converted into active metabolites with a low af- 
finity for the IGF-1 receptor. Despite some alarming re- 
sults from epidemiological studies (25, 26), other surveys 
have excluded any major effect of glargine on overall 
cancer rate (27-29). However, based on the results of ob- 
servational studies, longer-term treatment with higher 
doses of glargine could be associated with a greater risk 
of some malignancies in comparison with NPH (30-32). 
The interpretation of epidemiological studies requires 
caution, but the results of ORIGIN are not conclusive (22). 

2.3. Cardiovascular Effects of Insulin: Beneficial or 

Detrimental? 

The debate on the cardiovascular effects of insulin has 
been ongoing for many years. Based on experimental 
studies, insulin appears to have both pro-atherogenic 
and anti-atherogenic effects (Figure 2). 

Figure 2. Cardiovascular Effects of Insulin: Molecular Mechanisms 
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MAPK: MAP kinase; IRS-1: insulin receptor substrate 1; PI-3-K: phos- 
phatide 1 inositole 3 kinase; ET-1: enothelin-l; NO: nitric oxide; SMC: 
smooth muscle cell. 

In healthy individuals, insulin has vasodilator and vaso- 
protective actions, but in insulin resistant subjects, the 
opposite effects could prevail (33). In epidemiological 
studies, patients with T2DM receiving insulin treatment 
show a higher incidence of cardiovascular disease; fur- 
thermore, in the ACCORD trial, intensified therapy was 
associated with increased cardiovascular mortality (34), 
prompting some authors to recommend caution in the 
prescription of insulin (35). However, in observational 
studies, insulin-treated patients have a greater severity 
of disease and a higher comorbidity, which cannot be 
entirely eliminated by statistical adjustments and which 
may account for poorer outcomes. On the other hand, 
the increased mortality in the ACCORD study could be 
the consequence of an elevated incidence of severe hy- 
poglycemia, rather than a negative effect of insulin per 
se (8). Conversely, a randomized trial in patients with 
myocardial infarction showed a remarkable reduction of 
cardiovascular morbidity and mortality associated with 
intensified insulin therapy (36), inducing many special- 
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ists to postulate insulin as the treatment of choice in 
patients with previous cardiovascular events. However, 
in the cited trial, the improvement in glycemic control 
could have been responsible for the observed beneficial 
effect on cardiovascular risk. 

Trials that followed failed to show any specific cardio- 
protective effect of insulin. In the DIGAMI-2 trial, inten- 
sive insulin treatment did not show any advantage over 
conventional therapy in patients with T2DM and myo- 
cardial infarction (37). Similarly, in the BARI-2D trial, in 
patients with ischemic heart disease, insulin provision 
was not superior to insulin sensitizers in the preven- 
tion of new events (38). More recently, the ORIGIN trial 
showed that, in patients with recent-onset T2DM, basal 
insulin does not reduce cardiovascular morbidity and 
mortality in comparison with oral drugs (22). Taken 
together, these data suggests that the cardioprotective 
effect of insulin observed in earlier trials (36) is deter- 
mined by the improvement of glycemic control rather 
than by a specific action of insulin per se. This is con- 
firmed by the lack of any effect of glucose-insulin in- 
fusions in the acute phase of myocardial infarction in 
patients without diabetes (39). On the other hand, the 
ORIGIN trial demonstrates the cardiovascular safety of 
insulin therapy, provided that the incidence of hypogly- 
cemia remains reasonable. 

2.4. Is Insulin p-cell Protective? 

T2DM is characterized by a progressive loss of (3-cell 
mass and function, leading to a deterioration of glycemic 
control. It has been hypothesized that insulin therapy in 
earlier stages of the natural history of diabetes could pro- 
tect p-cells, preserving insulin secretory capacity and gly- 
cemic control over the time, as suggested by some small 
trials (5). In a sample of patients with impaired glucose 
tolerance and/or impaired fasting glucose enrolled in the 
ORIGIN trial, glargine reduced the incidence of diabetes 
by about 30% (22); this result was similar to that observed 
with metformin (40) and acarbose (41), and smaller than 
that reported for thiazolidinediones (42) or lifestyle in- 
terventions (40, 43). Furthermore, the protection con- 
ferred by insulin treatment seemed to be already fading 
after a few months (22). Based on these results, insulin 
per se does not seem to have a relevant, glucose-indepen- 
dent (3-cell protective effect. Therefore, there is no reason 
to anticipate insulin therapy in an attempt at modifying 
the natural history of T2DM. 

3. Results 

3.1. Insulin Therapy Today: the Clinical Perspective 

Insulin remains the most effective glucose lowering 
therapy in T2DM. For this reason, it is recommended in 
cases of severe hyperglycemia, particularly when keto- 
nuria or weight loss is reported (14, 15). In all other cases, 



other alternative therapies might be more convenient 
(Table l). 

Current guidelines recommend metformin as first-line 
therapy for T2DM. Considering its good short- and long- 
term glucose-lowering efficacy, fair tolerability remark- 
able safety, and low cost, metformin is the most suitable 
option for patients with T2DM, unless contraindicated 
(14). When metformin alone is insufficient to reach a 
satisfactory control, another drug should be added. Al- 
though insulin is a possible option, other drugs seem 
to be preferable. In fact, pioglitazone, DPP-4 inhibitors, 
GLP-1 agonists and acarbose, unlike insulin (22), could all 
have some beneficial effect on cardiovascular risk (44-47); 
furthermore, they do not induce hypoglycemia, which is 
negative cardiovascular mortality (48) and they require 
no regular blood glucose self-monitoring. The most suit- 
able place for insulin in the treatment algorithm for 
T2DM is the failure to two or three non-insulin drugs. 

When an insulin therapy is initiated in a patient with 
T2DM, an attempt should be made at minimizing the 
adverse effects of treatment and most notably hypogly- 
cemia and weight gain. The use of analogues in the place 
of human insulin and the choice of a scheme tailored on 
glucose profiles of individual patients are effective tools 
for reducing hypoglycemic risk. The combination of in- 
sulin with metformin limits weight gain, reduces insulin 
doses (15), and tampers potential risks of cancer associat- 
ed with high-dose insulin (49 ). DPP-4 inhibitors and GLP-1 
receptor agonists could also be conveniently combined 
with insulin, to reduce insulin doses and limit weight 
gain, although available evidence is limited (50). On the 
other hand, the use of sulfonylureas in patients treated 
with insulin is questionable, as it increases the risk of hy- 
poglycemia (51), whereas thiazolidinediones are associ- 
ated with a higher risk of heart failure when combined 
with insulin (52). 

3.2. The Future: Still Many Exciting Expectations 

3.2.1. New Insulin Analogues 

The duration of action of available long-acting insulin 
analogues (glargine and detemir) is not sufficient to war- 
rant an adequate supply of basal insulin over 24 hours 
with one daily injection in all patients. Furthermore, de- 
spite improved reproducibility, some fluctuation in insu- 
lin levels across different days in the same individual per- 
sist, leading to some hypoglycemic episodes. Degludec is 
a novel insulin analogue, capable of forming multi-hex- 
amer chains of insulin in subcutaneous depots, leading 
to a longer duration of action (terminal half-life > 25 h 
and activity >40 h) (53). Degludec, which has an elevated 
dissociation rate from the insulin receptor, a low affinity 
for IGF-1 receptors, has a low mitogenic activity in vitro 
(54). In comparison with glargine, degludec is character- 
ized by a lower of overall and nocturnal hypoglycemia, 
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Table 1. Benefits and Harms of Currently Available Drugs for Type 2 Diabetes 



Insulin Metformin SU/Glinides AGI TZD(Pioglitazone) DPP-4 Inhibitors GLP-1 Agonists 

Short-term efficacy on +++ ++ ++ + +/++ + ++ 

glucose 

Long-term efficacy on +++ ++ + +++ ? ? 

glucose 

Risk of hypoglycemia +++ - ++ - - 

Effect on body weight TT-/I T -/ I t T - ii 

Effect on cardiovascular - -/I T(?) -/ I I 1(7) i(?) 

risk 

Gastrointestinal side -++-++- - ++ 

effects 

Other adverse events + a - - - ++b - + c 

Need for regular SMBG +++ - + - - 

Cost (including that for +++ + ++ + ++ ++ +++ 

SMBG) 

Impact on quality of life +++ + + ++++ + ++ 



a Potential risk of cancer 

heart failure, bone fractures, bladder cancer 
c potential risk of pancreatitis 

Abbbreviaions: SU, sufonlylureas; AGI, alpha glucosidase inhibitors; TZD, thiazolidinediones; DPP-4, dipeptidyl peptidase 4; GLP-l, glucagon-like 
peptide-l; SMBG, self-monitoring of blood glucose 



despite a similar efficacy on glucose control (55). Another 
approach to the prolongation of action is the conjuga- 
tion of insulin with polyethylene glycol (PEG). A PEGylat- 
ed lispro insulin has been shown to have a similar efficacy 
as that of glargine, with longer duration of action, lower 
hypoglycemic risk, and smaller weight gain (56), which 
should be confirmed in larger studies. 

Another area of research is that of ultra-fast acting in- 
sulin analogues, aimed at a more accurate reproduction 
of physiologic prandial insulin release. Several such for- 
mulations have been developed (57, 58), but their clinical 
superiority over currently available rapid-acting insulin 
analogues in type 2 diabetes is questionable, and it has 
never been demonstrated so far. 

3.2.2. Technological Options 

In patients on basal-bolus insulin therapy, an alternative 
to multiple daily injections is continuous subcutaneous 
insulin infusion (CSII) using insulin pumps. This option, 
which is a useful tool in type 1 diabetes (59), is still ques- 
tioned in T2DM (60, 61). In fact, there is no evidence to 
date that CSII improves glycemic control in patients with 
type 2 diabetes in comparison with multiple daily injec- 
tions (62). Technological advancements in insulin such 
as "patch-pumps" which do not need an external cath- 
eter (63), could improve patients' acceptance and there- 
fore clinical outcomes also in type 2 diabetes. A further 
improvement may be represented by the development 
of an integrated continuous glucose monitoring (CGM) 
and pump system. A fully functional closed-loop system 



includes three essential parts: a pump for insulin deliv- 
ery, a CGM system or a sensor that can keep continuous 
track of blood glucose and an algorithm that determines 
the insulin delivery amounts and rates (64). Pilot short- 
term studies on the efficacy of such closed loop systems 
are encouraging, at least for type 1 diabetes (65). Further 
research is needed to verify whether this approach is also 
potentially useful in T2DM. 

3.3. Inhaled and Oral Insulin 

The idea of providing insulin through routes different 
from traditional subcutaneous injection has always been 
considered very appealing. In fact, patients' refusal of in- 
jectable is one of the current obstacles to insulin therapy. 
Inhaled micronized insulin, after having been registered 
in the US, was withdrawn because of side effects and 
adverse events - most notably respiratory insufficiency 
and lung fibrosis (66). Despite this failure, other similar 
systems, including oral insulin, are currently under de- 
velopment (67), producing formulations with a shorter 
action than subcutaneous regular insulin (68). Although 
preliminary studies in type 2 diabetes (69, 70) and im- 
paired glucose tolerance (71) were promising, a much 
greater amount of data should be produced in order to 
be confident in the long-term safety of this approach. 

3.4. In Search of the Final Solution: Transplanta- 
tion and Beyond 

Pancreas transplantation is known to produce a com- 
plete remission of type 1 diabetes in the majority of cases, 
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provided that an appropriate immunosuppressive thera- 
py is applied. Very few studies are available for pancreas 
transplantation in T2DM, in conjunction with kidney 
transplantation, with inconclusive results. In fact, isolat- 
ed kidney transplantation from living donor in patients 
with type 2 diabetes seems to warrant better outcome 
than simultaneous pancreas-kidney transplantation 
from deceased donor; however, the addition of pancreas 
improves the outcome of kidney transplantation from 
deceased donor (72). Based on these results, in T2DM, pan- 
creas transplantation is an option, in combination with 
kidney, only in patients with renal failure for whom a liv- 
ing kidney donor is unavailable. 

A more promising approach is represented by gene 
therapy, i.e. the introduction of functioning therapeu- 
tic genes in some of the patients' cells. This procedure is 
based on the use of viral vectors in which the virus' cap- 
side functions as carrier for the desired gene, together 
with appropriate promoters. Several potential targets for 
gene therapy can be hypothesized for T2DM; for example, 
gene therapy with the exenatide gene in rodents has ther- 
apeutic effects not dissimilar from those of exogenous 
exenatide administration (73). One of the most obvious 
targets for gene therapy is insulin: using this approach, 
it is possible to induce insulin synthesis and secretion 
in different organs, obtaining a therapeutic result. Insu- 
lin gene therapy has been shown to induce remission of 
hyperglycemia within a few days of treatment in rodent 
models of type 1 diabetes (74). However, such a therapy 
has never been tested in models of T2DM, or in animals 
more similar to humans. 

4. Conclusions 

Historically, insulin has been the first available therapy 
for diabetes. Despite the introduction of many alternative 
glucose-loweringtreatments, insulin remains the most ef- 
fective therapy not only for type 1, but also for T2DM, and 
it is still impossible to substitute in a fraction of patients. 
Obviously, the availability of a wider spectrum of thera- 
peutic agents, many of which are better tolerated than 
insulin, has reduced the field of application for insulin 
treatment; presently, insulin is used only in those who 
cannot maintain an adequate glycemic control with oth- 
er drugs. The safety and tolerability of insulin treatment 
has been greatly improved over the past two decades, 
thanks to the identification of insulin preparation with 
more favorable kinetics, and to a better understanding of 
the most appropriate administration schemes. Further- 
more, a lively research activity is currently ongoing, in 
order to make insulin therapy even safer and simpler for 
patients. 

Acknowledgments 

None declared. 



Authors' Contribution 

None declared. 

Financial Disclosure 

None declared. 

Funding/Support 

None declared. 

References 

t Pala L, Monami M, Lamanna C, Cresci B, Colombi C, Bardini G, et 
al. Failure to metformin and insulin secretagogue monotherapy: 
an observational cohort study. Acta Diabetol. 2010;47 Suppl 1:7-11. 

2. Turner RC, Cull CA, Frighi V, Holman RR. Glycemic control with 
diet, sulfonylurea, metformin, or insulin in patients with type 2 
diabetes mellitus: progressive requirement for multiple thera- 
pies (UKPDS 49). UK Prospective Diabetes Study (UKPDS) Group. 
JAMA 1999;281(2l):2005-12. 

3. Intensive blood-glucose control with sulphonylureas or insulin 
compared with conventional treatment and risk of complica- 
tions in patients with type 2 diabetes (UKPDS 33). UK Prospective 
Diabetes Study (UKPDS) Group. Lancet. l998;352(9l3l):837-53. 

4. Stratton IM, Adler AI, Neil HA, Matthews DR, Manley SE, Cull CA, et 
al. Association of glycaemia with macrovascular and microvas- 
cular complications of type 2 diabetes (UKPDS 35): prospective 
observational study. BMJ. 2000;321(7258):405-12. 

5. Weng J, Li Y, Xu W, Shi L, Zhang Q , Zhu D, et al. Effect of intensive 
insulin therapy on beta-cell function and glycaemic control in 
patients with newly diagnosed type 2 diabetes: a multicentre 
randomised parallel-group trial. Lancet. 2008;371(9626):l753-60. 

6. Rosenstock Julio, Riddle Matthew C. Insulin therapy in type 2 
diabetes. The CADRE Handbook of Diabetes Management. New York: 
Medical Information Pr. 2004:145-68. 

7. Anderson JH, Jr, Brunelle RL, Koivisto VA, Pfutzner A, Trautmann 
ME, Vignati L, et al. Reduction of postprandial hyperglycemia 
and frequency of hypoglycemia in IDDM patients on insulin- 
analog treatment. Multicenter Insulin Lispro Study Group. Dia- 
betes. 1997;46(2):265-70. 

8. Mannucci E, Monami M, Marchionni N. Short-acting insulin 
analogues vs. regular human insulin in type 2 diabetes: a meta- 
analysis. Diabetes Obes Metab. 2009;ll(l):53-9. 

9. Pala L, Mannucci E, Dicembrini I, Rotella CM. A comparison of 
mealtime insulin aspart and human insulin in combination 
with metformin in type 2 diabetes patients. Diabetes Res Clin 
Pract. 2007;78(l):132-5. 

10. KotsanosJG, Vignati L, HusterW, AndrejasichC.Boggs MB, Jacob- 
son AM, et al. Health-related quality-of-life results from multina- 
tional clinical trials of insulin lispro. Assessing benefits of a new 
diabetes therapy. Diabetes Care. l997;20(6):948-58. 

11. Monami M, Marchionni N, Mannucci E. Long-acting insulin ana- 
logues vs. NPH human insulin in type 1 diabetes. A meta-analysis. 
Diabetes ObesMetab. 2009;ll(4):372-8. 

12. Monami M, Marchionni N, Mannucci E. Long-acting insulin 
analogues versus NPH human insulin in type 2 diabetes: a meta- 
analysis. Diabetes Res Clin Pract. 2008;81(2):l84-9. 

13. Raskin P, Gylvin T, Weng W, Chaykin L. Comparison of insulin 
detemir and insulin glargine using a basal-bolus regimen in a 
randomized, controlled clinical study in patients with type 2 dia- 
betes. Diabetes Metab Res Rev. 2009;25(6):542-8. 

14. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, 
NauckM, et al. Management of hyperglycemia in type 2 diabetes: 
a patient-centered approach: position statement of the Ameri- 
can Diabetes Association (ADA) and the European Association for 
the Study of Diabetes (EASD). Diabetes Care. 2012;35(6):l364-79. 

15. Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, 



142 



Int J Endocrinol Metab. 20L3;ll(3) 



Insulin Therapy in Type 2 Diabetes 



Maria Rotella C et al. 



Sherwin R, et al. Medical management of hyperglycemia in type 
2 diabetes: a consensus algorithm for the initiation and adjust- 
ment of therapy: a consensus statement of the American Diabe- 
tes Association and the European Association for the Study of 
Diabetes. Diabetes Care. 2009;32(l):l93-203. 

16. Holman RR, Thorne KI, Farmer AJ, Davies MJ, Keenan JF, Paul S, et 
al. Addition of biphasic, prandial, or basal insulin to oral therapy 
in type 2 diabetes. N Engl] Med. 2007;357(l7):l7l6-30. 

17. Pollak M. The insulin and insulin-like growth factor receptor 
family in neoplasia: an update. Nat Rev Cancer. 20l2;12(3):l59-69. 

18. Belfiore A, Frasca F, Pandini G, Sciacca L, Vigneri R. Insulin re- 
ceptor isoforms and insulin receptor/insulin-like growth fac- 
tor receptor hybrids in physiology and disease. Endocr Rev. 
2009;30(6):586-623. 

19. Sciacca L, Cassarino MF, Genua M, Pandini G, Le Moli R, Squa- 
trito S, et al. Insulin analogues differently activate insulin re- 
ceptor isoforms and post-receptor signalling. Diabetologia. 
2010;53(8):1743-53. 

20. Janghorbani M, Dehghani M, Salehi-Marzijarani M. Systematic 
review and meta-analysis of insulin therapy and risk of cancer. 
Harm Cancer. 20l2;3(4):l37-46. 

21. Bowker SL, Yasui Y, Veugelers P, Johnson JA. Glucose-lowering 
agents and cancer mortality rates in type 2 diabetes: assessing 
effects of time-varying exposure. Diabetologia. 20lO;53(8):l63l-7. 

22. Gerstein HC, Bosch J, Dagenais GR, Diaz R, Jung H, Maggioni AP, et 
al. Basal insulin and cardiovascular and other outcomes in dys- 
glycemia. NEngl J Med. 20l2;367(4):319-28. 

23. Oleksiewicz MB, Bonnesen C, Hegelund AC, Lundby A, Holm GM, 
Jensen MB, et al. Comparison of intracellular signalling by insu- 
lin and the hypermitogenic AspBlO analogue in MCF-7 breast ad- 
enocarcinoma cells. JApplToxicol. 20ll;31(4):329-41. 

24. Kurtzhals P, Schaffer L, Sorensen A, Kristensen C, Jonassen I, 
Schmid C, et al. Correlations of receptor binding and metabolic 
and mitogenic potencies of insulin analogs designed for clinical 
use. Diabetes. 2000;49(6):999-1005. 

25. Colhoun HM. Use of insulin glargine and cancer incidence in 
Scotland: a study from the Scottish Diabetes Research Network 
Epidemiology Group. Diabetologia. 2009;52(9):l755-65. 

26. Hemkens LG, Grouven U, Bender R, Gunster C, Gutschmidt S, 
Selke GW, et al. Risk of malignancies in patients with diabetes 
treated with human insulin or insulin analogues: a cohort study. 
Diabetologia. 2009;52(9):l732-44. 

27. Currie CJ, Poole CD, Gale EA. The influence of glucose-lower- 
ing therapies on cancer risk in type 2 diabetes. Diabetologia. 
2009;52(9):1766-77. 

28. Morden NE, Liu SK, Smith J, Mackenzie TA, Skinner J, Korc M. Fur- 
ther exploration of the relationship between insulin glargine 
and incident cancer: a retrospective cohort study of older Medi- 
care patients. Diabetes Care. 20ll;34(9):l965-7l. 

29. Ruiter R, Visser LE, van Herk-Sukel MP, Coebergh JW, Haak HR, 
Geelhoed-Duijvestijn PH, et al. Risk of cancer in patients on in- 
sulin glargine and other insulin analogues in comparison with 
those on human insulin: results from a large population-based 
follow-up study. Diabetologia. 20l2;55(l):5l-62. 

30. Lind M, Fahlen M, Eliasson B, Oden A. The relationship between 
the exposure time of insulin glargine and risk of breast and 
prostate cancer: an observational study of the time-dependent 
effects of antidiabetic treatments in patients with diabetes. Prim 
Care Diabetes. 20l2;6(l):53-9. 

31. Mannucci E, Monami M, Balzi D, Cresci B, Pala L, Melani C, 
et al. Doses of insulin and its analogues and cancer occur- 
rence in insulin-treated type 2 diabetic patients. Diabetes Care. 
2010;33(9):1997-2003. 

32. Suissa S, Azoulay L, Dell'Aniello S, Evans M, Vora J, Pollak M. Long- 
term effects of insulin glargine on the risk of breast cancer. Dia- 
betologia. 2011;54(9):2254-62. 

33. Potenza MA, Addabbo F, Montagnani M. Vascular actions of in- 
sulin with implications for endothelial dysfunction. Am ] Physiol 
Endocrinol Metab. 2009;297(3):E568-77. 

34. Gerstein HC, Miller ME, Byington RP, Goff DC, Jr, Bigger JT, Buse JB, 
et al. Effects of intensive glucose lowering in type 2 diabetes. N 



Engl J Med. 200 8;358(24):2545-59 . 

35. Currie CJ, Johnson JA. The safety profile of exogenous insulin in 
people with type 2 diabetes: justification for concern. Diabetes 
Obes Metab. 20l2;14(l):l-4. 

36. Malmberg K. Prospective randomised study of intensive insulin 
treatment on long term survival after acute myocardial infarc- 
tion in patients with diabetes mellitus. DIGAMI (Diabetes Mel- 
litus, Insulin Glucose Infusion in Acute Myocardial Infarction) 
Study Group. BMJ. 1997;314(7093):1512-5. 

37. Mellbin LG, Malmberg K, Norhammar A, Wedel H, Ryden L. Prog- 
nostic implications of glucose-lowering treatment in patients 
with acute myocardial infarction and diabetes: experiences 
from an extended follow-up of the Diabetes Mellitus Insulin-Glu- 
cose Infusion in Acute Myocardial Infarction (DIGAMI) 2 Study. 
Diabetologia. 20ll;54(6):l308-l7. 

38. Chaitman BR, Hardison RM, Adler D, Gebhart S, Grogan M, Oc- 
ampo S, et al. The Bypass Angioplasty Revascularization Inves- 
tigation 2 Diabetes randomized trial of different treatment 
strategies in type 2 diabetes mellitus with stable ischemic heart 
disease: impact of treatment strategy on cardiac mortality and 
myocardial infarction. Circulation. 2009;120(25):2529-40. 

39. Puskarich MA, Runyon MS, Trzeciak S, Kline JA, Jones AE. Effect of 
glucose-insulin-potassium infusion on mortality in critical care 
settings: a systematic review and meta-analysis./ Clin Pharmacol. 
2009;49(7):758-67. 

40. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, La- 
chin JM, Walker EA, et al. Reduction in the incidence of type 2 
diabetes with lifestyle intervention or metformin. N Engl ] Med. 
2002;346(6):393-403. 

41. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M. 
Acarbose for prevention of type 2 diabetes mellitus: the STOP- 
NIDDM randomised trial. Lancet. 2002;359(9323):2072-7. 

42. Gerstein HC, Yusuf S, Bosch J, Pogue J, Sheridan P, Dinccag N, et al. 
Effect of rosiglitazone on the frequency of diabetes in patients 
with impaired glucose tolerance or impaired fasting glucose: a 
randomised controlled trial. Lancet. 2006;368(954l):l096-105. 

43. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H, 
Ilanne-Parikka P, et al. Prevention of type 2 diabetes mellitus by 
changes in lifestyle among subjects with impaired glucose toler- 
ance. NEngl JMed. 200l;344(l8):l343-50. 

44. Chiasson JL, Josse RG, Gomis R, Hanefeld M, Karasik A, Laakso M. 
Acarbose treatment and the risk of cardiovascular disease and 
hypertension in patients with impaired glucose tolerance: the 
STOP-NIDDM trial. JAMA 2003;290(4):486-94. 

45. Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi- 
Benedetti M, Moules IK, et al. Secondary prevention of mac- 
rovascular events in patients with type 2 diabetes in the 
PROactive Study (PROspective pioglitAzone Clinical Trial In 
macroVascular Events): a randomised controlled trial. Lancet. 
2005;366(9493):1279-89. 

46. Mannucci E, Dicembrini I. Incretin-based therapies and cardio- 
vascular risk. CurrMed Res Opin. 2012;28(5):715-21. 

47. Monami M, Dicembrini I, Martelli D, Mannucci E. Safety of dipep- 
tidyl peptidase-4 inhibitors: a meta-analysis of randomized clini- 
cal trials. CurrMed Res Opin. 20ll;27 Suppl 3:57-64. 

48. Mannucci E, Monami M, Lamanna C, Gori F, Marchionni N. Pre- 
vention of cardiovascular disease through glycemic control in 
type 2 diabetes: a meta-analysis of randomized clinical trials. 
NutrMetab Cardiovasc Dis. 2009;19(9):604-12. 

49. Monami M, Colombi C, Balzi D, Dicembrini I, Giannini S, Melani 
C, et al. Metformin and cancer occurrence in insulin-treated type 
2 diabetic patients. Diabetes Care. 2011;34(1):129-31. 

50. Rizos EC, Ntzani EE, Papanas N, Tsimihodimos V, Mitrogianni Z, 
Maltezos E, et al. Combination Therapies of DPP4 Inhibitors and 
GLPl Analogues with Insulin in Type 2 Diabetic Patients: A Sys- 
tematic Review. CurrVasc Pharmacol. 2012. 

51. Fonseca V, Gill J, Zhou R, Leahy J. An analysis of early insulin 
glargine added to metformin with or without sulfonylurea: 
impact on glycaemic control and hypoglycaemia. Diabetes Obes 
Metab. 20ll;13(9):8l4-22. 

52. Mannucci E, Monami M, Di Bari M, Lamanna C, Gori F, Gensini 



Int J Endocrinol Metab. 20L3;11(3) 



143 



Maria Rotella Cetal. 



Insulin Therapy in Type 2 Diabetes 



GF, et al. Cardiac safety profile of rosiglitazone: a comprehen- 
sive meta-analysis of randomized clinical trials. Int ] Cardiol. 
20l0;143(2):l35-40. 

53. Jonassen I, Havelund S, Hoeg-Jensen T, Steensgaard DB, Wah- 
lund PO, Ribel U. Design of the novel protraction mechanism of 
insulin degludec, an ultra-long-acting basal insulin. Pharm Res. 
2012;29(8):2104-14. 

54. Nishimura E, Sorensen AR, Hansen BF, Stidsen CE, Olsen GS, Schaf- 
fer L, et al. Insulin degludec: a new ultra-long, basal insulin de- 
signed to maintain full metabolic effect while minimizing mito- 
genic potential. Diabetologia. 20lO;53(Suppl l):S388. 

55. Garber A], King AB, Del Prato S, Sreenan S, Balci MK, Munoz-Tor- 
res M, et al. Insulin degludec, an ultra-longacting basal insulin, 
versus insulin glargine in basal-bolus treatment with mealtime 
insulin aspart in type 2 diabetes (BEGIN Basal-Bolus Type 2): a 
phase 3, randomised, open-label, treat-to-target non-inferiority 
trial. Lancet. 20l2;379(9825):l498-507. 

56. Jacober Scott J, Rosenstock J, Bergenstal RM, Prince MJ, Yong- 
ming Qu, Beals JM. Contrasting Weight Changes with LY2605541, 
a Novel Long-Acting Insulin, and Insulin Glargine Despite Simi- 
lar Improved Glycemic Control in TlD and T2D.; American Diabe- 
tes Association's 72nd Scientific Sessions.; Philadelphia, PA. 2012. p. 
poster 1023 

57. Steiner S, Hompesch M, Pohl R, Simms P, Flacke F, Mohr T, et al. 
A novel insulin formulation with a more rapid onset of action. 
Diabetologia. 2008;51(9):l602-6. 

58. Vaughn DE, Yocum RC, Muchmore DB, Sugarman BJ, Vick AM, Bil- 
insky IP, et al. Accelerated pharmacokinetics and glucodynamics 
of prandial insulins injected with recombinant human hyal- 
uronidase. Diabetes Tecbnol Tfzer. 2009;ll(6):345-52. 

59. Meneghini L, Sparrow-Bodenmiller J. Practical aspects and con- 
siderations when switching between continuous subcutaneous 
insulin infusion and multiple daily injections. Diabetes Technol 
Tber. 2010;12 Suppl 1:S109-14. 

60. Pickup JC, Renard E. Long-acting insulin analogs versus insulin 
pump therapy for the treatment of type 1 and type 2 diabetes. 
Diabetes Care. 2008;31 Suppl 2:Sl40-5. 

61. Skyler jS. Continuous subcutaneous insulin infusion-an histori- 
cal perspective. Diabetes Technol Ther. 2010;12 Suppl l:S5-9. 

62. Monami M, Lamanna C, Marchionni N, Mannucci E. Continuous 
subcutaneous insulin infusion versus multiple daily insulin in- 
jections in type 2 diabetes: a meta-analysis. Exp Clin Endocrinol 
Diabetes. 2009;117(5):220-2. 

63. Anhalt H, Bohannon NJ. Insulin patch pumps: their develop- 
ment and future in closed-loop systems. Diabetes Technol Ther. 



2010;12 Suppl l:S51-8. 

64. Hovorka R. Continuous glucose monitoring and closed-loop sys- 
tems. Diabet Med. 2006;23(l):l-l2. 

65. Renard E, Place J, Cantwell M, Chevassus H, Palerm CC. Closed- 
loop insulin delivery using a subcutaneous glucose sensor and 
intraperitoneal insulin delivery: feasibility study testing a new 
model for the artificial pancreas. Diabetes Care. 20lO;33(l):l2l-7. 

66. Zarogoulidis P, Papanas N, Kouliatsis G, Spyratos D, Zarogoulidis 
K, Maltezos E. Inhaled insulin: too soon to be forgotten? ] Aerosol 
MedPulm DrugDeliv. 20ll;24(5):2l3-23. 

67. Palermo A, Maddaloni E, Pozzilli P. Buccal spray insulin (Oral- 
gen) for type 2 diabetes: what evidence? Expert Opin Biol Ther. 
2012;12(6):767-72. 

68. Cernea S, Kidron M, Wohlgelernter J, Modi P, Raz I. Dose-response 
relationship of oral insulin spray in healthy subjects. Diabetes 
Care. 2005;28(6):l353-7. 

69. Guevara-Aguirre J, Guevara M, Saavedra ], Mihic M, Modi P. Ben- 
eficial effects of addition of oral spray insulin (Oralin) on insulin 
secretion and metabolic control in subjects with type 2 diabetes 
mellitus suboptimally controlled on oral hypoglycemic agents. 
Diabetes Technol Ther. 2004;6(l):l-8. 

70. Guevara-Aguirre J, Guevara M, Saavedra J, Mihic M, Modi P. Oral 
spray insulin in treatment of type 2 diabetes: a comparison of 
efficacy of the oral spray insulin (Oralin) with subcutaneous (SC) 
insulin injection, a proof of concept study. Diabetes Metab Res 
Rev. 2004;20(6):472-8. 

71. Palermo A, Napoli N, Manfrini S, Lauria A, Strollo R, Pozzilli P. Buc- 
cal spray insulin in subjects with impaired glucose tolerance: 
the prevoral study. Diabetes Obes Metab. 20ll;13(l):42-6. 

72. Wiseman AC, Gralla J. Simultaneous pancreas kidney transplant 
versus other kidney transplant options in patients with type 2 
diabetes. Clin J Am SocNephrol. 20l2;7(4):656-64. 

73. Di Pasquale G, Dicembrini I, Raimondi L, Pagano C, Egan JM, 
Cozzi A, et al. Sustained exendin-4 secretion through gene ther- 
apy targeting salivary glands in two different rodent models of 
obesity/type 2 diabetes. PLoS One. 2012;7(7). 

74. Han J, McLane B, Kim EH, Yoon JW, Jun HS. Remission of diabetes 
by insulin gene therapy using a hepatocyte-specific and glucose- 
responsive synthetic promoter. Mol Ther. 20ll;19(3):470-8. 



Please cite this paper as: Maria Rotella C, Pala L, Mannucci E. Role 
of Insulin in the Type 2 Diabetes Therapy: Past, Present and Future. 
Int J Endocrinol Metab. 2013; Il(3):137-144. DOI: I0.58l2/ijem.7551 



144 



Int J Endocrinol Metab. 20L3;ll(3) 



